Students face diverse pathways as they journey through undergraduate study. The analysis of student course records can untangle common patterns in course progression, and identify group trends in student outcomes. The current work examines the relationship between gender and undergraduate physics study, using course records from over nine thousand students who enrolled in physics at the University of Auckland, spanning a six year period.
I. INTRODUCTION
Historically, women have been underrepresented in Science, Technology, Engineering and Mathematics (STEM) fields (especially physics). This is a concerning issue today in many different countries, and at all stages of postcompulsory education [1, 88, 92] . Much research has been dedicated to the understanding the extent, causes, and possible solutions to this problem [11, 18] . For example, a recent special edition of the Physical Review Physics Education Research journal focused on highlighting research articles dedicated to the underrepresentation of women in physics [18] , while there is increasing support for initiatives to advance gender equality in STEM subjects, such as Athena SWAN [30] and Project Juno [42] .
It is important to understand the motivations behind gender equity research. Ensuring gender parity in STEM provides benefits, not only to women in these fields, but also society as a whole. Ensuring that all students perceive STEM subjects as viable educational paths can maximize the number of skilled workers in STEM fields, which drives economic growth. Increasing the number of women in STEM also means that more diverse perspectives are brought to research [64, 77] . For students who do not seek careers in STEM, choosing to take elective educational courses in STEM subjects will improve scientific literacy, which plays an important role in life outcomes [5, 43] . Beyond the individual and societal benefits of gender equity, we, as educators and researchers, should be primarily motivated by the egalitarian ideal that every student should have a fair chance of success in their chosen field, and not be disadvantaged by factors relating to gender.
Current STEM enrollment patterns often show that female students continue to be under-represented in the physical sciences (physics, engineering, mathematics) [68] . In contrast, this does not seem be the case in the life science subjects (biology, medicine). Why do we see gender differences in the physical science subjects, but not the life science subjects? Seeking an answer to this question, the current study used quantitative analysis to investigate the outcomes for male and female physics students at the University of Auckland -the largest university in New Zealand. Of specific interest were the gender differences in physics students' later subject selection, course performance, and confidence. We interpret our results using a theoretical framework based on the work of Pierre Bourdieu. Through this framework, we are able to relate our findings to a broader socio-cultural context.
II. THEORETICAL FRAMEWORK
The metaphor of the leaky pipeline is often used to describe the attrition of women from physics [81] , in that women are more likely to drop out with each transition between key stages of education (e.g., high school to university). This metaphor can be criticized for not only stigmatizing individuals that drop out of the pipeline, but for also being too simplistic [20] . It is important to emphasize contextual factors, such as the presence of gender-stereotypes [69] that socialize individuals to conform to gender roles (e.g., men do science, women do art). It is also important to consider the complex nature of students' subject enrollment patterns; in reality a student's journey through university study follows a complex network of unique pipes, rather than a singular pipeline. In order to understand our results in a wider context, the current study employed a science capital framework [5] , adapted from the work of Pierre Bourdieu.
The idea of capital can be used to inform gender equity research in science [45] . Originally conceived within economics, capital has been defined as "That part [of a man's wealth] that he expects to provide him with . . . income. . . " [87, p.214 ]. Bourdieu [16] interpreted capital as a legitimate, valuable and exchangeable resource that individuals can use to gain advantage in society. According to Bourdieu [16] , capital has four forms: economic (e.g., financial resources), cultural (non-financial assets, such as physical appearance or style of speech), social (e.g., an individual's social network), and symbolic (prestige and recognition, such as awards). Individuals who have higher levels of capital are more able to translate their capital into personal and social advantage, such as better paid employment or education. Institutionalized education offers a mechanism by which individuals can convert their existing forms of capital into educational capital (e.g., qualifications). However, individuals who do not share the same cultural capital as the institution find themselves disadvantaged by a "hidden curriculum" [47] . The hidden curriculum is a term used to describe the manner in which educational institutions implicitly assess a student's ability to learn cultural norms and values, not necessarily associated with any explicit curriculum. In simple terms: a student can gain educational advantage by speaking, writing or presenting themself in a way that is favored by the educational institution.
With regards to science education, Bourdieu does mention the idea of a science capital [15, p.82 ], but his description is limited. Archer et al [4] expanded on Bourdieu's work by using the term science capital to refer to the cultural and social forms of capital that are associated with science. Science capital can be used as "a lens for understanding uneven patterns in science participation" [5, p.923]. Social forms of science capital may include knowing people who hold science qualifications, while cultural forms of science capital include sciencerelated behaviors (e.g., watching science-related television shows, visiting science museums etc.). Capital also interacts with habitus; a term defined by Bourdieu as a "system of dispositions" [15, p.170 ]. An individual's habitus is formed, to a great extent implicitly, in relation to the socio-cultural context of a field. For example, male and female students' habitus will be differentially impacted by the societal stereotype that science is a male-domain [69] . As a result, female students may be more likely to internalize a belief that physics is not what women do, and they should seek a career path that is congruent with societal expectations. Habitus generates an individual's lifestyle in a field by influencing both their appreciation of the field, and their practices (behaviors) in the field. According to Bourdieu, the collection of each individual lifestyle produced by habitus then constitutes the "represented social world" [15] .
In any given field, individuals who have similar levels of capital, or share similar socio-cultural contexts, will have similar habitus. This, in turn, produces similar practices in the field [15, p.101] . For example, a student with high levels of science capital, in addition to a habitus that predisposes them to science, will be more likely to pursue a science career. The interactions between the different forms of science capital, habitus and field of study thus contribute to an individual's science identity and performance (see Figure 1) , and offer an explanation for why we often see disparities in subject enrollments between different groups of students.
The translation of capital into educational advantage may be facilitated for individuals who share characteristics with the dominant cultural group in a field, and hindered for individuals who do not. Thus, women may find themselves disadvantaged in certain STEM subjects because they do not represent the dominant group. Women may also choose not to pursue certain STEM subjects due to the role that habitus plays in influencing their perceptions of what subjects they should be doing. This idea was previously outlined by Bourdieu: "one sees the effect of the dispositions associated with gender which help to determine the logic of. . . the choice of the type of educational capital, more often literary for girls, more often scientific for boys." [15, p.105] .
III. BACKGROUND
Research consistently shows that female students tend to be underrepresented in the physical science subjects, while this is not the case in life science subjects. This pattern has been observed at high school level in Australia [46] , New Zealand [27] , the United Kingdom [41, 85] , France [92] and the United States [22, 50] , and university level in the United Kingdom [88] , United States [38] and Ethiopia [82] .
In the United States, only around 20% of students studying physics at bachelors, masters or doctorate level in 2014 were female [68] . This contrasts with bioscience, where around 50-60% of students studying at bachelors, masters or doctorate level were female [68] .
Analysis of data from New Zealand in 2015 shows that science had a balanced gender-ratio of year 13 students [26] . Despite this, male students dominate the physical science subjects during year 11 at high school, with this trend continuing during later high school and university [26] . On the other hand, female students tend to be over-represented in biology and human anatomy. These gender differences are maintained at university and post-graduate levels [26] . Other data from New Zealand [27] shows that approximately 25% of students specializing in physics and astronomy at bachelor degree level in 2015 were female, while female students tended to be over-represented in biology and health (65% and 76% respectively). With regards to doctoral students, approximately 29% of students in Physics and Astronomy were female, while female students comprised 52% of doctoral students studying biology and 68% of those studying medicine.
A. Differences in Intentions
Gender disparities in STEM education can be interpreted in relation to Bourdieu's notion of habitus. As outlined by Bourdieu [15] , an individual's habitus influences their perception of the world, whilst also being influenced by an individual's socio-cultural context at the same time. Archer et al [2, p.885] explain this idea further: "social axes of 'race'/ethnicity, social class, and gender all contribute to shaping what an individual perceives to be possible and desirable." An individual's habitus may be similar to another individual when they share common characteristics (e.g., gender). Individuals with similar habitus may be predisposed into behaving in similar ways [75, p.434] . This may explain why gender differences STEM subject interest are so common.
A meta-analysis by Su et al [93] found that men tend to be more interested in engineering, science and mathematics careers compared to women, and this finding has since been replicated in a Norwegian study of secondary and tertiary physics students [12] . Data from the United States shows that high school graduates are more likely to like science and mathematics if they are male [22] . The same data set also shows that female students are more likely to earn credits in biology, chemistry and health subjects, while male students are more likely to earn credits in physics and engineering subjects. Similarily, cross-cultural, international data from the Programme for International Student Assessment (PISA) in 2006 has shown that among high achieving students, female students were more likely to be interested in medicine, while male students were interested in physics and chemistry [19] .
Further evidence suggests that the gender differences in STEM subject interest may not be present in early childhood, but emerge by the end of high school [8] . These stereotypical gender preferences may also persist when it comes to the types of science-related career that high school students aim for [48] , and students' choice of STEM major at university [13, 79] . At university level, gender disparities may even widen further; a study of physics students at a United States university found that female students are more likely to see their interest in physics diminish during introductory physics [50] .
B. Performance in STEM
A common explanation for the gender disparities in STEM interest is the idea that female students do not perform as well as male students in STEM [11] . However, current research shows mixed findings in this area. The 2011 Trends in International Mathematics and Science Study (TIMSS) compared the science performance of male and female students in the 4th and 8th grade (years 5 and 9 in New Zealand) across 50 countries [66] , finding much variation between countries in the level of gender differences. In the 4th grade, 23 of the 50 participating countries (including New Zealand) showed no significant gender differences, although 16 showed differences favoring boys [60] . By 8th grade, overall, female students tended to outperform male students in science. Despite this, in New Zealand, boys tended to outperform girls. Results from both the 2012 and 2015 PISA surveys found that, in New Zealand, boys have had higher mathematics and science scores at age 15 [61, 62] .
At more advanced levels, there are also mixed findings regarding gender differences in physics performance. In the United Kingdom, studies tend to find no notable differences in the performances of male and female secondary students in mathematics [85] and the sciences [88] , and this has remained relatively stable since the 1960s [88] . Similarly, Sharma and Bewes [84] found no significant gender differences in introductory physics performance at an Australian university. However, studies of university physics students have found gender differences favoring male students in concept inventories scores [49, 73] . In a study of physics students from one university in the United States, Kost-Smith, Pollock and Finkelstein [50] found that, despite male and female students performing about equally on a conceptual pre-test, male students outperformed female students on a conceptual post-test. The same study found that female students tended to outperform female students on homework tasks, but male students outperformed female students in exams. Madsen et al [57] reviewed studies that have utilized concept inventories to measure the gender gap in physics at university level. They found that, overall, men tend to outperform women on pre-test concept inventories, and post-test concept inventories (although there is greater variation in the gender differences in posttest inventory scores).
Through the lens of science capital theory, it could be argued that the male embodiment of science capital facilitates the acquisition of identity in the physical sciences, but does not necessarily translate into an increased academic advantage. This argument is supported by studies indicating that other factors beyond gender contribute to the gender gap in university level physics [49] . Furthermore, female physics students tend to be more likely to drop out of key physics courses at university, even after controlling for academic factors such as student preparedness [28, 70] . One study failed to replicate these findings for female students in the life sciences [70] , which demonstrates how the field of study moderates the relationship between gender and the conversion of science capital into persistence. The above findings point to alternative explanations for the gender disparities seen in STEM representation that can be linked to a student's habitus.
C. The Impact of Society, the Family and Career Prospects
As outlined by Madsen et al [57] , the gender gap in physics education is likely the result of a combination of many factors, rather than a single one. This idea is summed by Blickenstaff [11] , who suggested that women's underrepresentation in STEM points to a gender filter. The gender filter contains many layers, each one a possible reason for why women may be less likely to progress in physics. Every student holds a belief about what is a realistic educational path. However, these beliefs are informed, implicitly and explicitly, by evidence in the environment. How are people like me treated in this subject? Do my family value this subject? How many people like me study this subject? The answers to these questions will either boost or reduce a student's disposition towards a subject. The following section outlines several factors present in the socio-cultural context of physics in which habitus is formed. We will discuss some of the influencing factors located in three interconnected contexts: society (i.e., stereotypes, gender roles), the family, and careers prospects in physics.
Many factors contributing to the gender filter are firmly rooted in society's representation of science -especially concerning negative gender stereotypes. There are many stereotypes that target women in STEM (e.g., the belief that women are bad at mathematics), and they can negatively affect how female STEM students are viewed. Regardless of gender, undergraduate STEM students are more likely to attribute a female student's failure to internal factors (e.g., lack of ability), and a male student's failures to external factors (e.g., bad luck) [52] . Negative gender stereotypes persist after university; women seeking careers in STEM may be perceived as less competent by their peers [65] . Implicit gender biases relating to women in STEM are pervasive and consistent across countries [69] . Furthermore, countries with higher levels of implicit bias tend to show greater gender disparities in 8th grade science, favoring male students [69] . This may be due to the fact that male students' self-concept in science may be enhanced when they perceive that adults hold gender stereotypes favoring men over women [51] .
Women may also experience stereotype threat. Stereotype threat is a psychological construct, first described by Steele and Aronson [90] , that occurs when an individual believes that they are in a situation where a negative stereotype can be applied to them. When they feel at risk of confirming the stereotype, performance may be hindered. Female students in STEM may be discriminated against because of their gender [9] , which can increase the desire to change major [91] . Stereotype threat can negatively impact on a student's career choice in STEM, particularly in male-dominated subjects like physics [24] . Marchand and Taasoobshirazi [58] found that nullifying stereotype threat on a physics test (by suggesting that no gender differences have been found on a test previously) can improve female performance. Female students performed worse in a normal physics testing situation, scoring similarly to female students in a test situation designed to elicit stereotype threat.
Although studies mainly point to the negative impact of gender stereotypes in physics and other STEM subjects, some studies have found conflicting results. Abraham and Barker [1] found that female year 11 high school physics students did not endorse gender stereotypes, and a study by Lauer et al [53] found no stereotype threat effects for female university students in introductory biology, chemistry or physics classes. The analysis employed by Lauer et al [53] to assess gender differences in learning gains can be criticized for using Hakes gain [33] (see Rodriguez et al [76] ). That being said, their finding that all students in their sample (male and female, and in different science fields) tended to reject the stereotype that men do better than women in science is important to note. As discussed, context is important in influencing the formation of a student's habitus, and this may help explain why we see gender stereotype effects for some situations, but not others. The results of Abraham and Barker [1] and Lauer et al [53] likely suggest that the negative impact of stereotype threat occurs before students make the voluntary choice to pursue physics or other STEM subjects. Women who endorse negative gender stereotypes in physics may lack the motivation to acquire more science capital, as they believe that they cannot, or should not, study physics.
The negative impact of gender stereotypes may be buffered by the environmental context. The perceived gender balance of a domain can influence the extent to which women identify with it. For example, Murphy et al [67] found that women tended to have higher levels of belonging in STEM after witnessing a gender-balanced conference environment, rather than a male dominated one. Single-sex schools may also be a protective factor for women in physics [41] , and buffer against stereotype threat in mathematics [72] .
The roles that society typically assigns to different genders is also likely to contribute towards the gender disparities in STEM. Female middle-school students tend to enjoy the social aspect of science education more than male students [23] , but physics is not often viewed as a domain that offers opportunities for social interaction or helping others. Sax et al [80] found that women in physics were less likely to have a social activist orientation compared to women in other fields. Another study by Smith et al [89] found that women who perceived high levels of stereotype threat in science were less likely to see science as a field that can help others. Unlike the physical sciences, areas such as health and medicine may be more likely to value the cultural capital offered by individuals who are motivated to help others. This may explain why women tend to be equally represented in life sciences. An individual's disposition towards science may also be impacted on by their family's view of science [78] . Lyons [55] found that family support was an important factor in students' choice to study physics at post-compulsory level, while Hazari et al [35] found that a father's encouragement is linked to improved university physics grade for female students. Parents who value science might be more likely to talk about science at home [78] . Being raised in a family environment where science is valued will influence the habitus of a student so that they may hold a positive disposition towards science. As suggested by Archer et al [2, p.890], the "combination of family habitus and capital provides a "fertile ground" that renders science more thinkable/desirable for their [the family's] children". This view is supported by Hyde et al [40] , who found that a mother's communication about the utility value of science subjects positively predicted an adolescent's interest in those subjects. Despite Hyde et al [40] noting a lack of gender differences in the manner of mother's communication in a hypothetical scenario, the family still offers a potential source for the gender disparities observed in STEM fields.
Factors associated with future career prospects may also influence a students habitus. Gender differences in the acquisition of science capital are pervasive, regardless of how advanced individuals are in their education. Evidence suggests that women in STEM find it more difficult than men to acquire additional science capital. This is manifested in the fact that women in STEM are likely to receive fewer resources and job opportunities than men [44, 65] . According to Archer et al [5] , the symbolic knowledge about the transferability of science in the labor market is an important form of science-related cultural capital. Female students in earlier stages of STEM education may interpret the low number of female role models employed in the STEM labor market [17] as a signal that their career prospects in these fields are limited. This could explain why Griffith [32] found a positive relationship between the number of female STEM graduate students at a university and the level of persistence of female undergraduate STEM students, and this is likely related to an institution's commitment to ensuring an inclusive environment.
The lack of female role models in physics may be a factor affecting the number of female physics students. Despite this, Bettinger and Long [10] found that having a female instructor had no significant impact on female students' interest in physics, while Hazari et al [36] found that having female scientist guest speakers and discussing female scientists had no significant influence on female students' physics identity. Potvin and Hazari [74] found that the stronger a student's physics identity, the more likely they were to rate female high school physics teachers lower than male teachers. This may suggest that physics students legitimize a male embodiment of science capital over a female one.
D. Confidence
The previous section outlined how the gender filter is a consistent presence across the contexts of society, the family and the workplace. Each factor, from the negative gender stereotypes to the lack of female role models in physics, is likely to play a role in influencing a students habitus so they are more likely to believe that a female student can not do well in physics. This may explain why many studies find that female students tend to have lower levels of self-efficacy, self-concept and confidence in physics.
Self-efficacy is an individual's conviction that they are able to perform a specific behavior and obtain desired results [7] . It is a major factor related to student achievement and retention in STEM [37] . Studies from the United States and Canada have found that female students tend to have lower levels of self-efficacy in STEM (including physics) during secondary school and higher education compared to male students [37, 38, 86] . Conversely, Louis and Mistele [54] analyzed TIMSS data from the United States and found that male high school stu-dents tended to have higher levels of self-efficacy than female students in mathematics, but not in science. MacPhee et al [56] found that, although female students studying STEM subjects (including physics) at an American university tended to have lower levels of academic self-efficacy than male students (despite similar academic performance), any significant differences disappeared by graduation.
Whereas self-efficacy is an individual's level of belief about how well they will do a specific situation, selfconcept of ability is a broad measure of a student's belief in their ability in a given domain [59] , and their value of that ability [25] . Girls who are self-confident may be more likely to intend to study STEM in the future [83] . However, research shows that female students tend to have lower levels of confidence and self-concept in physics [12, 39, 84] and mathematics [29, 85] compared to male students, even when there are no gender differences in grades [85] . Similarly, Hardy [34] found that boys tended to have higher levels of academic self-concept in science, with the exception of biology.
This section has outlined the gender disparities commonly observed in STEM education, and especially physics. A brief glimpse of the current literature surrounding this topic provides an indication of it's complexity. A student's future study intentions are likely influenced from an early age, and through many different contexts. As such, a simplistic metaphor such as the leaky pipeline is not sufficient to explain a student will choose not to pursue physics. Instead, the current study makes use of a science capital framework [5] , adapted from the work of Bourdieu [16] , to provide comprehensive account for why gender disparities emerge in postcompulsory education. The following sections will outline a quantitative study of physics students from the University of Auckland that used science capital as an overall research framework.
IV. THE CURRENT STUDY
The current study was motivated by the need to understand any potential gender differences in student outcomes in general, and at the University of Auckland in particular. Our study seeks to not only understand the outcomes for physics students at the University of Auckland, but to place our results in a wider socio-cultural context. We are able to achieve this goal by utilizing the work of Bourdieu [15] and the science capital framework [4] . This framework enables us to use any findings to direct future research and gender equity interventions in physics.
Our analysis included all undergraduate physics courses offered by the University of Auckland. The structure of the typical physics bachelor of science degree is outlined in Table I . Physics degrees take place over the course of three years. Students are required to pass the required courses their first year before advancing to the next year of courses. In their first year, physics students are required to take Advancing Physics 1 (AP1) and then Advancing Physics 2 (AP2) before moving onto second year. Students may also choose to take Basic Concepts for Physics in first year. This course is targeted at students who believe that they have little prior knowledge of physics, and is designed to prepare students for taking AP1 or PLS in the future. Much of our analysis focuses on the AP1 sub-population, as this is first prerequisite for more advanced physics courses; it was assumed that most students who took AP1 intended to pursue physics.
Life science students (those majoring in biology or medicine) are required to take Physics for Life Sciences (PLS) in their first year. This means that, despite our sample including only students who took a physics course, many of the students were majoring in life science subjects. Our sample therefore allows us to compare the outcomes for students in the physics and life sciences fields. Although PLS can be taken as a substitute for AP1, it is not recommended. One significant difference between the two courses is that AP1 assumes a knowledge of calculus, while PLS does not. The current study was able to compare the AP1 and PLS subsets of the general physics population to account for a student's first year STEM intentions.
A. Aims
The current study used quantitative analysis to investigate gender differences in University of Auckland physics outcomes. Our results are then interpreted using the science capital framework; this allows us to understand any gender differences in a wider socio-cultural context. Based on previous literature, three specific research questions were investigated.
Subject enrollment.
Are there gender differences in subject enrollment after first year physics? Based on literature outlined previously [27, 46] , it was expected that female students would be more likely to take life science subjects (biology and medicine), while male students would be more likely to take the physical science subjects (physics, mathematics, engineering and computer science).
Physics Performance.
Are there gender differences in physics course performance? Based on previous literature [70, 88] , it was expected that gender differences in course performance would be minimal after controlling for high school performance and the type of high school that a student attended. Previous research suggests that single-sex schools may improve performance for female physics students [41, 72] .
Confidence.
Are there gender differences in the enrollment patterns of students entering an introductory physics course (Basic Concepts for Physics), before taking a prerequisite course for a physics major (AP1)? Basic Concepts of Physics is designed for students who believe they little prior knowledge of physics, to prepare them for more advanced physics courses [96] . We make the assumption that, after controlling for academic preparation, students who are more confident in their physics ability will skip Basic Concepts of Physics before taking AP1, while less confident students will be more likely to take Basic Concepts of Physics before taking AP1. Alternatively, academically unprepared students who did not take Basic Concepts for Physics might be over-confident in their ability. Based on previous research regarding self-efficacy and confidence [38, 56] , it was expected that female AP1 students, regardless of academic preparation, would be more likely to take Basic Concepts for Physics beforehand.
V. METHODOLOGY A. Dataset
The current study utilized student records for 10,874 unique students who had enrolled in at least one physics course at the University of Auckland between semester one, 2009 and semester one, 2015. Of these students, 10,764 had demographic (e.g., gender, high school attended) and academic (subject, grade, etc.) information. Data included records of non-physics courses, as long as a student had enrolled in at least one physics course during the study period. Student records from semester one, 2015 were not included in analysis due to them not being complete. Students with incomplete records were also excluded from analysis, leaving 9,954 unique students.
Overall, 40% of the 9,954 students in our dataset were female. This percentage drops to around 30% when PLS (Physics for Life Sciences) students are excluded. 7868 students went to co-educational schools (34% female), while 2086 students went to single-sex schools (63% female). Female students tended to enter first year physics with higher GPE scores (Figure 2) .
B. Measures
The following variables were used in the analysis: a. Grade Point Equivalence (GPE). GPE is an entry level score that provides a standard measure of a students prior academic performance at the time of admission, regardless of the qualification they previously took. It is measured on a 0-9 scale, with 9 being the highest performing. It provides an aggregate measure of how well a student did in all of their high school courses [95] .
b. Grade Point Unit (GPU). GPU is a measure of a students university performance in a single course. It is measured on a 0-9 scale, with 0 being equivalent to a fail (D+ or lower), and 9 being equivalent to an A+ grade.
c. Gender. Due to data limitations, gender was only recorded as male or female. Female students were assigned a value of 1, and male students were assigned a value of 0.
d. High School Type. High school type indicates whether or not the student went to a single sex or a coeducational high school prior to university. High school type was recoded into binary values, with co-educational schools being assigned a value of 1, and single-sex schools a 0.
C. Procedures
The current study employed different quantitative analytical procedures for each research question.
Subject enrollment
Are there gender differences in subject enrollment after first year physics? Chi-square tests were used to investigate the role of gender in subject selection at second year and third year. The domains analyzed were physics, mathematics, engineering, computer science, chemistry, biology and medicine. Odds ratios with confidence intervals were calculated to determine the likelihood of a female student being enrolled in a subject at second year and third year compared to a male student, after taking physics at first year. Confidence intervals were generated using the formula
where z corresponds the degree of confidence (1.96 for 95%, 2.576 for 99% etc.). This procedure was first conducted using all physics students, and then repeated for two subpopulations; those taking AP1 and those taking PLS.
Physics Performance
Are there gender differences in physics course performance, after controlling for potential confounding variables? In order to assess the differences in course outcomes for male and female physics students, a linear regression model with GPE predicting course GPU was used. To assess whether this relationship was moderated by gender, a GPE×gender interaction term was added to the model. This process was repeated for all first year and second year physics courses. The AP1 subpopulation was analyzed in more depth, adding high school type interactions to the original model. Gender differences in physics course performance may explain gender differences in subsequent subject enrollment. Alternatively, course performance may differentially influence the study paths of male and female students, even after accounting for grade.
Confidence
Are there differences in the enrollment patterns of students entering an introductory physics courses (Basic Concepts of Physics) before taking a prerequisite course for a physics major (AP1)? The number of academically prepared and academically unprepared students who took introductory courses before taking AP1 were compared. An academically prepared student was defined as one who had a GPE above three, which is equivalent to a C+, and a academically unprepared student as one who had a GPE equal to or below a three. This threshold was used as many courses require previous grades that are above a C+. After splitting students into academically prepared and unprepared blocks, 2 × 2 contingency tables were formulated, comparing gender (male or female) with whether or not they took Basic Concepts for Physics. Odds ratios were then calculated with confidence intervals of 95%.
VI. RESULTS

A. Subject enrollment
Of the students who enrolled in a physics course in their first year, male students were generally more likely to study the physical science subjects in later years, while female students were more likely to study life science subjects. The odds of a female first year physics student taking a subject in later years over a male student are reported in Table II . Odds (and their associated standard errors) are reported for the overall physics population, and the AP1 and PLS sub-populations. Figure 3 highlights the odds of a female student enrolling in a subject in second year over a male student.
Female first year physics students were around 2.6 times more likely to take biological science (biosci), 2.5 times more likely to take medical science (medsci) and 1.9 times more likely to take chemistry in their second year than male students. Results show that this pattern is present for the AP1 students, with female students being approximately 8.8 times more likely to enroll in medsci at second year than male students. Of the PLS students, female students were still more likely to enroll in the life science subjects in later years than male students (with the exception of chemistry at third year). Table II shows that for the AP1 students, there tended to be no significant differences in second year and third year physical sciences enrollments. However, male students were consistently more likely to enroll in computer science in their second year and third year, regardless of subpopulation. Overall, male students were around 5 times more likely to take computer science in their second year compared to female students. Male AP1 students were around 2 times as likely to take computer science in their second year compared to female AP1 students. On the other hand, male PLS students were around 1.8 and 2 times more likely to take mathematics and physics, respectively, in their second year. Male PLS students were also more likely to enroll in computer science and engineering courses in their second year and third year than female students.
B. Physics Performance
Overall means and standard deviations are reported in Table III . A multilevel model was developed to predict first and second year physics course grades based on GPE and gender (Table IV ). The multilevel model allowed us to control for the hierarchical nature of our data, where student course grades are nested within a specific physics course, and time of study. The results show that, overall, GPE significantly and positively predicted physics course grades (β = 0.502, SD = 0.017, p <0.001). Gender differences were minimal and insignificant in our final model (β = 0.075, SD = 0.122, p = 0.542), although gender differences in grades varied considerably between courses (random effects SD = 0.461). Figure 4 visualizes linear models where course grade is predicted by GPE as a function of gender. We are able to see that gender differences in course grades were more pronounced in first year courses, with female students with low GPEs tending to underperform compared to male students with low GPEs. However, in second year courses this trend is reduced, and if anything reversed.
In depth analysis focused on the subpopulation of students who enrolled in AP1, as this course is a prerequisite for advanced physics courses. A multiple linear regression model showed that GPE and gender significantly predicted AP1 grade, while an interaction between both factors tended towards significance (Table IV) .
The fitted regression model was:
AP1 GPU = 0.12 + 0.82 GPE −0.48 gender + 0.07 GPE × gender where GPE was measured on a 0-9 scale and gender was coded as 0 = male and 1 = female. AP1 grade increased 0.82 units for every 1 increase in GPE, decreased 0.48 units for female students, and increased 0.07 units for every 1 unit increase of GPE× gender. In more ba-sic terms, as a student's GPE increased, AP1 grade was likely to increase. On the other hand, female students tended to have lower AP1 grades than male students, with the exception of students with high GPE levels.
A second model was calculated to predict AP1 grade based on GPE, gender and high school type. In this model, GPE, gender, high school type and the GPE× high school type interaction were significant predictors of AP1 grade (Table V) . The fitted regression model was: AP1 GPU = 2.957 + 1.890 GPE (centered) −0.307 gender +0.411 high school type +0.035 GPE (centered) × gender −0.535 GPE (centered) × high school type −0.187 gender × high school type +0.135GPE (centered) × gender × high school type where high school type was coded as 0 = single-sex and 1 = co-educational.
As seen in Figure 5 , of the students with lower GPE scores, male students, and students from co-educational schools, tended to get higher AP1 grades. Gender differences were minimal for students with higher GPE scores. Instead, we see that, among students with high GPE scores, those who attended single-sex schools tended to get higher AP1 grades than those from co-educational schools.
C. Confidence
To see whether there were gender differences in the number of academically prepared students who took Basic Concepts of Physics before AP1, 2×2 contingency tables were made (Table VI) . This procedure was repeated for academically unprepared students (Table VII) .
Few academically prepared students (GPE > 3) took Basic Concepts of Physics before taking AP1, but sample size was sufficient to conduct a chi-square test. The relationship between gender and taking Basic Concepts of Physics was significant, χ2(1, N = 810) = 7.03, p = .008. Female students were around 4.98 times more likely to take Basic Concepts of Physics before taking AP1 (Table  VIII) .
Of the academically unprepared students, a chi square test indicated that the relationship between gender and taking Basic Concepts of Physics tended towards significance, χ2(1, N = 609) = 3.69, p = .054. Females students were around 1.74 times more likely to take Basic Concepts of Physics before AP1 (Table VIII) . Despite the previous tests not being a direct measure of confidence, these results are consistent with the idea that female students tend to be less confident in physics.
VII. DISCUSSION
A. Subject enrollment
This study found gender differences in subject enrollment, proving the hypothesis that male first year physics students would be more likely to enroll in physics, mathematics, and computer science courses in later years, while female first year physics students would be more likely to enroll in biology, medicine science and chemistry. This is consistent with international research [46, 88, 92] .
The influence of factors located in the socio-cultural contexts of each student is likely to be responsible for the differences in representation seen in the current study. Each student's habitus is influenced by what the student experiences in their everyday life. Due to the influence of societal (i.e., gender roles, stereotypes), family, school and employment factors (i.e., lack of resources and role models), a student's habitus is likely to be influenced from an early age to be congruent with what is stereotypical for their gender. The student's habitus then generates the student's practices in the field of study, and the student's appreciation of that field. Although we do not claim that every student has the same habitus, there is clear evidence that stereotypes regarding women and science pervade society [69] . Appearing feminine may result in female students being more likely to perceive that science, and especially physics, is a masculine domain that does not fit a stereotypical feminine identity [3] . The current results suggest that life sciences are more appealing to female students, with this evidenced by the fact that the proportion of female students in physics drops from 40% to 30% after excluding all PLS students. Compared to other STEM domains, the life sciences may be more positively perceived by female students due to the lack of negative gender stereotypes and the increased availability of female role models, among other factors. The life sciences also offer the opportunity to work with and help others, which, according to prior research, may be more important for female students compared to male students [3, 93] . On the other hand, the perceived masculine culture of physics may be incongruent with a female student's habitus.
Unfortunately, this study did not have access to information regarding high school subject selection to investigate how high school course selection impacts on university course selection. Instead, AP1 enrollment was used as a proxy for intent to major in physics, and PLS enrollment as a proxy for intent to major in a life science degree.
The gender differences in second year physics and mathematics enrollment disappeared when taking AP1 enrollment into account. Female AP1 students are likely to have cultivated an identity in physics, and this idea is supported by research suggesting that individuals who identify with physics are more likely to progress in the domain [36] . Female students who have high levels of physics identity tend to have lower social-activist orien-tations and less desire for family time than women in other fields [36, 80] . It may be that progression in physics requires an assimilation to a masculine culture that conflicts with desires traditionally held by women [31] , such as the desire to help others [93] . Hence, the masculine culture of physics is likely to disproportionately filter out female students from physics. Future studies can explore this argument further by going beyond a binary interpretation of gender to instead look at, for example, gender identity.
The results in Table II show that female AP1 students were more likely to take chemistry, biology, and medicine in their second year compared to male AP1 students. The gender differences seen for AP1 students in chemistry, medicine and computer science were maintained in their third year. This suggests that, of the students who initially intended to major in physics, female students were more likely than male student to either switch out of physics and pursue life sciences, or take a physics-life sciences conjoint degree.
The change of STEM field may be interpreted as what Bourdieu called a "transverse movement" [15, p.131] . A transverse movement to another field may occur when an individual wants to prevent their capital from being diminished. A female AP1 student's initial intentions to major in physics may have changed if they feel that their science capital may be more valued in the life sciences. Thus, a female AP1 student may be more likely to conclude that the investment of their science capital in the field of physics will not be as profitable compared to an investment in another field (i.e., life sciences). To prevent the transverse movements of female students away from physics, the culture of physics needs to ensure that every student's capital is equally valued.
Even when both male and female students shared the original intentions to pursue life sciences (based on PLS enrollment), female students were more likely than male students to maintain, or fulfill, these intentions in their second year and third year. Male PLS students were instead more likely to enroll in the physical science subjects. It may be that male students find that the life sciences do not offer the same translation of science capital that they find in the physical sciences, and thus switching to physics is justifiable educational choice. The above findings suggest that the physical sciences continue to be culturally reproduced as a male domain at university level. Table IV shows the results of a multilevel model used to predict physics course grades after controlling for factors relating to physics courses (i.e., the course taken and the year when the course was taken) and student academic preparedness (measured by GPE). We found that, overall, there were mostly small gender differences in physics performance, and that gender differences varied considerably by physics course. Male students tended to have higher grades on average in first year physics courses. However, in second year courses differences are minimal, and if anything, the trend seen in first year courses is reversed. These findings suggest that, to a certain extent, the gender differences in science performance that favor male students in New Zealand high schools [60] [61] [62] persist in the first year of university physics. We found that male students had higher grades on average in AP1, but not in courses that physics majors would take in the next stages of their degrees (i.e., AP2, and year two physics). It may be that female students who do poorly in AP1 drop out of the physics pipeline at a greater rate than their male counterparts, and this is what causes the mean differences between male and female students to shrink, or even reverse, in more advanced courses.
B. Physics Performance
Further analysis of AP1 showed that, of the students with low GPE scores, male students, and students from co-educational schools, tended to have slightly better AP1 grades ( Figure 5 ). There were no gender differences present for students with high GPE scores, while students with high GPE scores tended to get slightly higher AP1 grades if they were from a single-sex school rather than a co-educational school. This finding provides weak evidence that single-sex schools positively impact on university performance if a student does well at high school; others may find the transition to university physics more difficult. It could be that negative factors, such as stereotype threat [72] , emerge with the transition from a singlesex environment to a male dominated one. Individuals who did well at school may have a strong academic identity which protects them from these factors, or a habitus that positively disposes them to further physics study.
To understand why the relationship between a student's GPE and AP1 grade was moderated by school type, future studies should control for high school characteristics. Although we cannot be sure in this study, it may be the case that the school type influence we observed is actually the result of a school socio-economic status. Students from high socio-economic backgrounds are more able to access the cultural capital that is distributed by society [14] . These students would have increased access to science-related resources, equipment, and economic capital which can be transformed into educational achievement. The impact of socio-economic background on student outcomes in physics is another equity issue, and needs to be controlled for when assessing the impact of school background on performance.
C. Confidence
Basic Concepts of Physics is designed for students who believe they little prior knowledge of physics, to prepare them for more advanced physics courses [96] . We made the assumption that, after controlling for academic preparation, students who are more confident in their physics ability will skip Basic Concepts of Physics before taking AP1, while less confident students will be more likely to take Basic Concepts of Physics before taking AP1. The current study found that academically prepared female students were more likely to take Basic Concepts of Physics before taking AP1, and this may signal that they were not confident in their ability to do well in an advanced physics course. Although not a direct measure of confidence, the above conclusion is consistent with previous research that suggests that female students tend to have lower confidence [84] and self-concept in physics [12, 39] .
Gender differences in confidence provide an explanation as to why any gender differences in second year physics course performance favored female students. Less academically prepared male students were less likely to take Basic Concepts of Physics before AP1, which may signal over-confidence in physics. If these male students remained over-confident, they may still progress to second year physics despite poor grades. On the other hand, female students may lack the confidence or self-efficacy to continue in the face of poor grades. This would change the gender-ratio of the students represented in low and high achieving groups that were originally seen in first year.
The GPE measure of high school performance is limited as it is an overall measure of high school performance, and not subject specific. Female students may be more likely to perform poorly in high school physics, or opt out of high school physics altogether. In this case, taking Basic Concepts of Physics before AP1 would be a realistic course selection choice, and it would not signal a lack of confidence. However, it is unlikely that a student would opt out of physics at high school, yet enroll in it at university. To fully understand the transition from high school to university, more detailed high school data is needed.
D. Implications
The current study contributes to the evidence of gender disparities in physics education at university. Furthermore, the current study demonstrates the utility of the science capital framework as an interpretive lens. This approach carries many benefits over other, more simplistic models, such as the leaky pipeline model. Firstly, the science capital framework allows us to place our results in a broader socio-cultural context. Doing so removes any stigma that can be attached to students who 'leak' from the physics education pipeline. Instead, the science capital framework places emphasis on the impact of contextual factors on student's course selection. Further to this, emphasizing the contexts that students are situated in allows us as researchers to formulate suitable interventions to boost the physics enrollments of underrepresented groups.
The findings of the current study suggest that there are subtle gender differences in both physics performance and course selection that point towards more systematic gender disparities in physics education. These findings indicate that more needs to be done to ensure that physics is perceived as a viable option for female students. This can be done by using interventions to boost the value that science capital holds in all areas of society. Echoing the arguments of Claussen and Osborne [21] , science education in New Zealand, and internationally, needs to highlight the utility value of physics in culture, scientific literacy, and employment. We must also make sure that Based on previous research, female students may benefit from increased exposure to female role models in physics, and examples of how physics can help people.
Most importantly, we need to ensure that physics maintains a culture that places value in the science capital offered by all groups of students. Based on our findings, interventions to boost the number of female students graduating in physics would be most useful at stages of education prior to university. It is likely that by university, student's habitus is less susceptible to change. In order to generate a more inclusive environment in physics at the University of Auckland, it may be necessary to implement an initiative similar to Athena SWAN [30] to boost gender equity. Athena SWAN has been shown to have a positive impact in boosting gender equity in STEM in the United Kingdom, Ireland and Australia [71] by encouraging institutions to adopt changes that boost the representation of women in STEM, remove obstacles that face women in STEM, and provide a better working environment for all staff [30] .
Despite the utility of using Bourdieu's theory to place quantitative data in context, more research is needed to build on this approach. Future studies should attempt to replicate the methodology of Archer et al [4] , specifically employing qualitative analysis in order to directly study students' science capital and science aspirations. It can be argued that due to differences in concepts, activities and careers related to these fields, separate forms of science capital may need to be conceptualized. Certain aspects of science capital may be important for the physical sciences, but not the life sciences and vice versa. For example, a student's appreciation of mathematics may be a key component of physical science capital, while a desire to help others may be more important for life science capital.
E. Limitations
There were several limitations to the current study. Our dataset was limited to university course selection and performance information, and student demographic information. We did not have data regarding the course selection information of students prior to university. Such data would have provided more detail about students' educational trajectories. Our data was also limited by the fact that all students had to have enrolled in at least one physics course to be included in our dataset. In future work, we plan to extend the current analysis across other departments, including those from the life sciences.
Our study would have also benefited from combining our quantitative analysis with qualitative measures. Surveys and interviews of students would provide contextual and fine-grained detail that would compliment our quantitative analysis. Using the above procedures would also enable us to obtain a non-binary measure of a student's gender identity and to assess what role this may play in course selection and performance.
Despite having access to information regarding the ethnicity of students, we decided against using this information in our analysis. This is due to the fact that preliminary analysis showed extremely low cell sizes for ethnic groups other than New Zealand European and Asian students, in particular Māori and Pasifika students. When possible, future studies should make use of an intersectional research design (one that explores the interaction between gender, ethnicity, social class etc.). This is especially important when using a Bourdieusian framework to interpret results. As suggested by Bourdieu: "The individuals grouped in a class that is constructed in a particular respect... always bring with them secondary properties" [15, p.102] . Understanding the intersection of student characteristics would allow us to control for the secondary properties that Bourdieu speaks of. To understand why there were low cell sizes for minority groups, future studies should seek to analyze data from earlier educational stages (e.g., the transition between compulsory and post-compulsory science education at high school).
VIII. CONCLUSION
The current study investigated gender differences for University of Auckland physics students by using a quantitative analysis of student data. Results showed gender differences in subject enrollment consistent with gender stereotypes: after taking a first year physics course, female students were around 2.5 times more likely to study life science subjects (medicine and biology) in later years, while male students were around 2 times more likely to study physical sciences, compared with female students. With regards to physics performance,gender differences were small overall, but varied considerably between courses. Male students tended to get slightly higher grades than female students in first year, but this trend was not present in second year and if anything, was reversed. At low levels of academic preparedness, male students and those from co-educational school outperformed those from other groups in AP1. Of students with a higher level of academic preparedness, those from single-sex schools outperformed those from co-educational schools, while gender was not a significant predictor of AP1 grade. It is likely that this finding is linked to the availability of science capital for students attending different schools.
Academically well prepared female students were around 5 times more likely to take an introductory course (Basic Concepts for Physics) before a progressing physics course (AP1), compared to equivalent male students. This suggests that female students may be more likely to lack confidence in physics, and that students' self-concept in physics may be moderated by gender. Through the lens of science capital, the combination of results offered by the current study suggest that the life sciences may place more value on the science capital offered by female students. It is likely that a student's habitus in relation to the field of physics disproportionately discourages female students from aspiring to study in this field. In turn, this may feed into the cultural reproduction of physics as a male domain. More needs to be done to ensure that all types of science capital are equally valued in society, the family and in future physics careers. Boosting the enrollment rates of female students making the transition from high school to progressing physics courses at university level (such as AP1) should improve the perceived value of science capital for female students. . A student's habitus interacts with their acquired level of science capital to produce an individual's science outcomes. Student's habitus is formed in relation to the specific socio-cultural context of a field, and generates both the students practices in the field, and their appreciation of the field. An individual who is positively predisposed to study in a scientific field, whilst also having access to various forms of science capital, will likely achieve higher grades in that field and aspire to study that in that field in the future. 1 and Advancing Physics 2 in first year before they can progress to second year. They must then pass at least 4 courses at second year before they can take the more advanced third year courses. To be eligible for graduation, students must then pass 4 courses at third year level, with Experimental Physics 1 or 2 as a prerequisite. Physics for Life Sciences is a prerequisite first year course for students majoring in a life science subject (medicine or biology). odds (and SE of log odds) of a female student taking a subject after first year over a male student. Odds ratios above one signify that a female student was more likely to take that subject, while odds ratios below one signify that a male was more likely to take that subject. Columns are roughly ordered from most male subject to most female subject based on the odds ratio for all students. A plot showing the odds ratios (and associated 95% confidence intervals) of physics students subject selection in their second year. Odds ratios are presented for all students, AP1 students and PLS students. This figure shows a clear trend where female students tend to be more likely to take life science subjects in their second year compared to male students. Male students tend to be more likely to take computer science in their second year. With the exception of students from the AP1 subpopulation, male students tend to be more likely to take engineering, physics and maths in their second year compared to female students. TABLE IV. Table summing up a multilevel model, where our final model (6) consists of 3 levels. used to predict grades in first year and second year physics courses.
Subject
(1) shows the the baseline model showing the intercept only. (2) shows the same model, but with the student's grades nested within each physics course. (3) shows the model with the term (i.e., year and semester) a student took the course in added as another level. This represents the structure of our final models, where student's grade is nested within a specific course, and in a specific term. (4) shows a fixed slopes, random intercepts model with GPE added as a predictor variable. (5) shows the model where GPE and gender are added as predictor variables. (6) shows the same model as (5), but with both random intercepts and random slopes. As can be seen from model (6), overall there were not significant gender differences in course grade, after controlling for GPE. However the random effects standard deviation shows that there was considerable variation in gender differences between courses. This shows that individuals who were academically prepared (based on GPE) were more likely to do well in AP1. Individuals who attended single-sex schools were more likely to do well in AP1, but only if they had high GPE scores. Individuals from single-sex schools who were not academically prepared tended to do less well in AP1 than students from co-educational schools. Table V , with GPE (mean centered), gender and high school type predicting AP1 grade point unit. At low GPEs, male students and those from co-educational school outperformed those from other groups. At high GPEs, students from single-sex schools outperformed those from coeducational schools, while there was no gender difference. Plot point transparency is dependent on number of students. 
